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Augmented carbon emission rate and perpetual damage to the global environment has paved way to the execution of 
renewable energy sources irrespective of their erratic nature. Exploration of suitable integrated renewable energy (IRE) 
model to be developed in an isolated area with minimum cost of energy has emerged as one of the biggest challenge. In the 
present work, An IRE model consisting of Photovoltaic, Biomass and Biogas system has been proposed for off-grid isolated 
area electrification. In order to emphasise economic aspects of modeling, levelized cost of energy (LCE) has been taken 
forth as an important factor. Adaptive Inertia weight based particle swarm optimization (PSOw) technique has been adopted 
to curtail the total cost of generation. Cost of Energy for four Blocks under consideration were found to be 4.48 Rs/KWhr,  
4.52 Rs/KWhr, 4.57 Rs/KWhr and 4.49 Rs/KWhr. The results reveal that the Cost of Energy is minimal when compared to 
the existing cost of energy Rs 6.70/KWhr (>250 KWhr) for domestic purpose in the study area.  
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Introduction 
Depleting conventional fossil resources and 
swelling power demand are the foremost encounters 
of energy sector in the developing nations. Verdict of 
traditional thermal power plants and nuclear power 
plants are extremely hazardous to the sustainable 
environment and hence renewable energy sources are 
brought into focus. Extension and maintenance of 
transmission lines to all the parts of a nation without 
considering load factors of scattered cluster of 
villages will not be economical and hence it is 
desirable to exploit energy harvest through 
Renewable energy sources available in abundance. In 
India it has been estimated that, 900 GW power is 
potentially available through commercially 
exploitable renewable energy sources viz. wind (102 
GW), small hydro (20 GW), bio-energy (25 GW), and 
solar power (750 GW) by assuming that 3% 
wasteland is made available.1 Further, non-
conventional energy sources are the best green 
alternatives to conventional diesel generator used to 
light up remote inaccessible villages. Intermittent 
nature of power harvesting in RES leads to innovation 
of IRE and optimal sizing of the same. 
Integrated renewable energy system 
Universal supply obligation is the major goal for all 
the nations and has to be achieved with economical 
perspective. Several analysis were made to 
comprehend optimal sizing of IRE sources for various 
remote areas situated in different parts of the world. 
Luna-Rubio et al., elaborated the performance 
indicators for hybrid energy systems to assess 
feasibility and reliability of the system.3 Sizing 
methods like probabilistic, analytical, iterative and 
hybrid method have been discussed to understand 
optimal sizing problem. Erdinc and Uzunoglu 
discussed about several optimization techniques that 
can be adopted to achieve optimal sizing of hybrid 
renewable energy system with minimal cost.4 Antonio 
cano et al., made a relative study of four sizing 
techniques for stand-alone IRES with backup and 
energy storage system. Based on the comparison, they 
found that Simulink design optimization with Latyn 
Hypercube algorithm led to optimum sizing.5 
Maleki and Pourfayaz have analyzed remote area 
demand satisfaction with minimum total annual cost 
by considering hybrid PV/WT systems with battery 
storage using several heuristic algorithms. Artificial 
bee swarm optimization (ABSO) resulted as cost 
effective and reliable solution with less loss of power 
supply probability (LPSPmax).6 Razak et al. designed 
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hybrid renewable energy source for a coastal region in 
Malaysia using HOMER software with lowest Total 
Net Present Cost (TNPC). Sensitivity and green house 
gases reduction analysis for the selected renewable 
energy sources was carried out by them through 
HOMER software.7 Amer et al. considered a home as 
demand load with an average of 1KW. The main 
objective discussed in the paper was to determine cost 
efficient power generation from Solar and wind 
sources considering storage. Particle swarm 
optimization (PSO) technique has been implemented 
in MATLAB to obtain optimized minimum cost. The 
system was not designed for a community or an 
isolated area.8 Hassan et al. have considered 
communication and information technology center as 
load center and developed two models for satisfying 
the demand. The first combination considered was 
PV/Wind/Battery while the second combination was 
grid connected PV/Wind. The main objective of the 
work was minimization of total cost (TIC). Modified 
PSO is adopted for optimization of capacity sizing. 
Fast convergence is observed with short 
computational time. Further, Investment cost has been 
recovered in 8 years for grid-connected system and 19 
years for standalone system.9 Ismail et al. designed 
optimal PV/Battery/Microturbine hybrid energy 
system for inaccessible community in Palestine. 
Genetic Algorithm is implemented for cost of energy 
minimization and the author has also considered GHG 
emissions. Cost obtained in the result was higher than 
conventional energy source yet concluded that by 
considering emission factor and locality of the area 
under consideration, hybrid renewable energy source 
is beneficial.10  
Akella and Das followed step-by-step approach for 
design of hybrid renewable energy sources 
(solar/wind/biomass/small hydro with IC engine 
driven generator) considering 50 family of 5 members 
each. Technical, economic and social aspects have 
been discussed.11 Sparsely populated villages of 
Uttarakhand with total household of 189 and 
population of 774 was measured for electrification by 
Chauhan and Saini. Solar/Wind/Biomass/Biogas/ 
Small hydro with battery backup has been designed 
for rural electrification using HOMER software.  
Total cost of generation using HOMER was found  
to be Rs. 5.64/ kWhr.12 A hybrid modified human 
opinion dynamics gravitational search based 
optimization was used to solve the problem of  
sizing and placement of distributed generation  
units (photovoltaic/wind/battery). The algorithm gave 
results with improved convergence compared to 
gravitational search algorithm.13  
 
Materials and Methods  
The objective of the present study is to reduce the 
total generation cost and the cost of energy. The 
present study area information2 is given in Table 1. 
Most of the people in the villages used to live in 
bamboo huts and very few in the RCC buildings.  
The financial system of the villagers depends  
on agriculture, nurturing animals and fish farming. 
Biomass is the key component of energy  
resource available abundant in the nature. Scattered 
un-electrified villages have been clustered  
together to form a block. The present study includes 
four blocks.  
 
Load Estimation 
Based on the households and household 
population, the total energy demand in all the four 
blocks has been anticipated. The entire year load 
profile is segregated into summer and winter seasonal 
load. Accordingly, the seasonal load profile was 
determined for all the blocks.  
 
Renewable Energy Sources potential assessment for the 
studyarea 
To exploit the availability of RES, a detailed study 
has been made in the specific areas under 
consideration. Outcome of the analysis shows that, the 
required resources to generate electricity from the 
RES (solar, biomass and biogas) are available in the 
area and is discussed in detail in the following 
sections.  
Table 1 — Study Area Information 
S.No. Features Block 1 Block 2 Block 3 Block 4 
1. Latitude and Longitude 25.86 N, 93.75 E 25.77 N, 94.17 E 25.80 N, 94.0 E 25.76 N, 93.90 E 
2. Total Population 21075 54875 3018 9113 
3. Total Number of villages 13 41 10 21 
4. Number of Unelectrified villages considered  5 20 8 8 
5. Number of households 845 2410 650 1100 
6. Household populations 4225 12050 2600 5500 




Mathematical model for Photovoltaic system 
The solar energy potential available in a particular 
location is calculated based on the solar radiation 
data. The solar radiation data has been collected from 
the NASA surface metrology solar energy for all the 
four blocks by using their latitude and longitude. The 
power and energy output of photovoltaic system can 
be found by using Eq. (1)  
 = × ×  = × 8760 ×  …(1) 
 
Where, 
 is power output of photovoltaic system 
 is conversion efficiency of photovoltaic system 
(%) 
 is average solar radiation (W/m2) 
 is solar panel area (m2) 
 is annual energy output of photovoltaic 
system (KWhr) 
 is capacity factor for photovoltaic system 
 
Mathematical model for Biomass system 
In the study area, agriculture waste and forest foliage 
are available in abundance and shall be the primary 
sources for the generation of electricity. In order to 
estimate the potential available from biomass, an 
average waste wood collection of 160 kg per hectare in 
year and collection efficiency of 75 percent were 
considered. Biomass energy can also be used for 
cooking and heating purpose. Biomass based gasifiers 
has been considered to generate electricity.  
An operational time of 12 hours/day is measured for the 
biomass system. The power output and energy from the 
Biomass gasifier system is computed by using Eq. (2) 
 PoutBMG= Total	fuelwood	available	 ton year⁄ ×ηBMG×CVBMG×1000860×365× operating	hours	in	a	day   




 is power output of biomass system (KW) 
 is conversion efficiency of biomass system 
(%) 
 is calorific values of biomass 
 is annual energy output of biomass 
system (KWhr) 
 is capacity factor for biomass system 
 
Mathematical model for Biogas system  
In order to appraise the biogas availability, a 
survey has been made on the livestock available in the 
study area. Based on the survey, buffalos, cows, goats 
and sheep were considered as the major sources of 
biogas. The system operation time is measured as 10 
hours/day. The output power and energy of the biogas 
system are calculated from the Eq. (3) 
 = ⁄ × × × 1000860 ×   = × 8760 × 	 …(3) 
 
Where, 
 is power output of biogas system (KW)  
 is conversion efficiency of biogas system (%) 
 is calorific values of biogas 
 is annual energy output of biogas 
system (KWhr) 
 is capacity factor for biogas system 
 
IRES Modeling 
To meet out the energy demand of the isolated 
villages, an IRE system has been modeled by 
considering the Photovoltaic, Biomass and Biogas 
system. To find the optimal amount of energy output 
from different renewable energy sources, an objective 
function with constraints is devised to reduce the 
overall generation cost using PSOw algorithm as 
defined in Eq. (4). 
 = ∑ ×   …(4) 
 	  ∑ ≥ , ∑
ɳ
≤ , ≥ 0 
 
Where, 
 is total cost of generation (Rs.) 
 is levelised cost of energy (Rs/KWhr) for the 
nth resource 
 is optimal energy output from nth resource for 
the mth usage (KWhr) 
 is total demand for energy in the mth 
usage (KWhr)  
 is availability of nth resource for the mth usage 
(KWhr) 
ɳ  is efficiency of conversion for the nth resource 
for the mth usage (KWhr) 
 
Particle swarm optimization algorithm 
Particle swarm optimization is a population based 
heuristic searching technique. Unlike other 
optimization techniques, PSO is easy to implement 
with less adjustable parameters. It begins with random 
initialization of particle swarm in the search area and 




finds the optimal solution by updating population. To 
prevail over the demerit of premature convergence in 
the algorithm, more variants of PSO have been 
created. Adaptive inertia weight based PSO (PSOw) 
algorithm best suits for the optimization of IRES.14 
The steps involved in the optimization of IRE model 
using PSOw are explained as follows:  
Step1: Levelized cost of energy, load demand, 
annual energy of the sources is given as input  
parameters to the PSOw algorithm.  
Step2: Random initialization of particle swarm in 
the search space.  
(Population of 100 particles with learning factor 
c1=1.25 and c2=1.33 were chosen) 
Step3: Evaluate the fitness of each particle. 
Step4: Update the particles Pbest (particle best 
experience) and Gbest (swarm best) value. 
Step5: Move the particle to a new position and 
check the particles allowed range. 
Step6: Check for the stopping criteria, if not, repeat 
the steps 3 to 6. 
 
Result and Discussion 
The summary of load details for all the four blocks 
are given in Table 2. The total load demand is 
categorized into four different groups such as domestic, 
community, commercial and small industrial load. The 
total load demand of Block 1, Block 2, Block 3 and 
Block 4 was found to be 300894, 734426, 258167 and 
370068 KWhr/year respectively. Appling the 
mathematical model for photovoltaic system, the total 
potential of solar energy available for Block 1, Block 2, 
Block 3 and Block 4 are computed as 8314, 32704, 
13286 and 23345 KWhr/m2/year. Based on the 
estimation from the mathematical model, the potential of 
biomass available in the Block 1, Block 2, Block 3 and 
Block 4 are 155, 432, 202 and 178 ton/year, 
respectively. Similarly, the biogas availability in the 
Block 1, Block 2, Block 3 and Block 4 has been 
anticipated from the mathematical model as 168, 474, 
103 and 217 m3/day, respectively. 
Levelized Cost of Energy (LCE) has been 
calculated15 to solve the objective function. Solar 
power extraction has been accounted with capital cost 
of Rs.125000 and 3% of capital cost is considered as 
operation and maintenance (O&M) cost. The life of 
solar panel is taken as 30 years. Biomass generation 
has been measured with an investment of Rs. 50000 
as capital cost and 4% of capital cost as O&M cost. 
The life of biomass plant is taken as 15 years with 
fuel cost Rs. 2.80.  Biogas generation with capital cost 
of Rs.40000 is considered with O&M cost as 4% of 
capital cost. The total span of biogas plant has been 
assumed as 20 years with fuel cost of Rs. 3.00. 
Optimum results of total generation cost and cost 
of energy have been found out by PSOw. The optimal 










Energy used in summer 
(KWhr) 
Energy used in winter 
(KWhr) 
Domestic Household 

























Light 20 7 8 1816 4820 1300 2200 254.24 674.80 182.00 308.00 290.56 771.20 208.00 352.00 
Fan 30 15 0 908 2410 650 1100 408.60 723.00 292.50 495.00 0 0 0 0 
TV 100 8 8 303 804 217 367 242.40 643.20 173.60 293.60 242.40 643.20 173.60 293.60 
Radio 10 4 4 227 603 163 275 9.08 24.12 6.52 11.00 9.08 24.12 6.52 11.00 
Community 
Hospital 
Refrigerator 475 24 24 1 4 2 2 11.40 45.60 22.80 22.80 11.40 45.60 22.80 22.80 
Light 20 7 7 5 20 10 10 0.70 2.80 1.40 1.40 0.70 2.80 1.40 1.40 
Fan 30 10 0 5 20 10 10 1.50 6.00 3.00 3.00 0 0 0 0 
School 
Light 20 5 5 60 240 96 96 6.00 24.00 9.60 9.60 6.00 24.00 9.60 9.60 








20 12 12 46 121 33 55 11.04 29.04 7.92 13.20 11.04 29.04 7.92 13.20 
Community 
Hall 
Light 20 5 5 5 20 8 8 0.50 2.00 0.80 0.80 0.50 2.00 0.80 0.80 
Fan 30 6 0 5 20 8 8 0.90 3.60 1.44 1.44 0 0 0 0 
Commercial 
Shop Light 20 4 4 8 22 6 10 0.64 1.76 0.48 0.80 0.64 1.760 0.48 0.80 
Flour Mills  3750 4 4 1 2 1 1 15.00 30.00 15.00 15.00 15.00 30.00 15.00 15.00 
Small 
Industry 
Saw mills  5000 4 4 1 2 1 1 20.00 40.00 20.00 20.00 20.00 40.00 20.00 20.00 




value of generation in block1 by solar, biogas and 
biomass are 6536, 106658 and 187699 KWhr, 
respectively. Minimum values for total cost and  
cost of energy have been obtained as Rs.1348490 and 
4.48 Rs./KWhr. Based on the results, biomass based 
power generation will be the major source of energy 
to satisfy demand in all the four blocks trailed by 
biogas and solar. Even though the solar potential is 
available, the high capital cost of the solar system 
leads to very less contribution in the total power 
supply. Block wise minimum total cost, cost of 
energy, optimal power generation from solar, 
biomass, biogas and percent contribution of the 
resources are summarized in Table 3. Resource wise 
optimal cost for all the four blocks under 
consideration has been depicted in Fig. 1. Cost of 
energy for the Block 1, Block 2, Block 3 and  
Block 4 has been calculated as 4.48, 4.52, 4.57 and 
4.49 Rs/KWhr respectively. Whereas, at present, the 
cost of energy for domestic purpose in the study area 
is 6.70 Rs/KWhr (>250 KWhr).16 This means that 
usage of energy from renewable resources as per 
proposed IRE model is much cheaper than any 
conventional one. 
 
Conclusion and Future Scope 
In the present work, an IRE model consisting of 
photovoltaic, biomass and biogas system has been 
build up for four diverse blocks. Block wise optimal 
total generation cost and cost of energy were 
optimized by using PSOw. Cost of energy obtained in 
the proposed IRE model is observed to be much 
cheaper than consuming power from other utilities. 
Hence the developed IRE model becomes a feasible 
solution for the area under study. Still advance 
explorations are mandatory to implement further 
challenging aspects like expansion of transmission 
lines among blocks, backup, peak load and demand 
response (DR) options, to forecast a complete system 
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Fig. 1 — Optimal Cost of the System 
 




11 Akella A K & Das S, Technical and socio-economic aspects 
of hybrid renewable energy sources: a step-by-step approach, 
Int J Appl Eng Res, 12 (2017) 11228–11241. 
12 Chauhan A & Saini R P, Discrete harmony search based  
size optimization of integrated renewable energy system  
for remote rural areas of Uttarakhand state in India,  
Renew Energ, 94 (2016) 587–604  
13 S Bakshi, T Thakur and R Khanna, Performance Analysis  
of a Novel Hybrid Optimization Technique for  
 
Sizing and Placement of DG Units, J Sci Ind Res, 76 (2017) 
203–207. 
14 Askarzadeh A & Coelho L dos S, A novel framework for 
optimization of a grid independent hybrid renewable energy 
system: A case study of Iran, Sol Energ, 112 (2015) 383–396 
15 Rajanna S & Saini R P, Modeling of integrated renewable 
energy system for electrification of a remote area in  
India, Renew Energ, 90 (2016) 175–187. 
16 https://www.dopn.gov.in/ accessed on 10th October 2017 
 
 
